Mass gatherings create environments conducive to the transmission of infectious diseases. Thousands of mass gatherings are held annually in the United States; however, information on the frequency and characteristics of respiratory disease outbreaks and on the use of nonpharmaceutical interventions at these gatherings is scarce. We administered an online assessment to the 50 state health departments and 31 large local health departments in the United States to gather information about mass gathering-related respiratory disease outbreaks occurring between 2009 and 2014. The assessment also captured information on the use of nonpharmaceutical interventions to slow disease transmission in these settings. We downloaded respondent data into a SAS dataset for descriptive analyses. We received responses from 43 (53%) of the 81 health jurisdictions. Among these, 8 reported 18 mass gathering outbreaks. More than half (n = 11) of the outbreaks involved zoonotic transmission of influenza A (H3N2v) at county and state fairs. Other outbreaks occurred at camps (influenza A (H1N1)pdm09 [n = 2] and A (H3) [n = 1]), religious gatherings (influenza A (H1N1) pdm09 [n = 1] and unspecified respiratory virus [n = 1]
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Introduction
Mass gatherings may create conducive settings for infectious disease transmission, including pandemic influenza [1] [2] [3] [4] [5] [6] [7] . Influenza is most commonly transmitted through infectious respiratory droplets and contact with secretions or fomites [8] , which typically requires close contact between susceptible and infectious persons. Thousands of mass gatherings are held annually in the United States (for example, more than 14,000 day and resident camps [9] and nearly 1.8 million meetings [10] ). Since mass gatherings bring thousands of persons together in a finite geographic area for a shared event or experience [3] [4] [5] , these events could lead to rapid transmission and propagation of respiratory infections, including pandemic influenza.
During a pandemic, public health officials must prioritize activities that slow or mitigate the transmission of the infectious agent [5] . The U.S. Centers for Disease Control and Prevention (CDC) recently revised pre-pandemic planning guidelines for preparing, planning for, and responding to a pandemic of influenza or other novel respiratory disease for a variety of settings, including mass gatherings [11] . CDC routinely recommends that state and local health departments implement a variety of nonpharmaceutical interventions (NPIs), including hand hygiene, respiratory etiquette, and environmental surface cleaning, to reduce disease transmission in mass gatherings. During a severe pandemic, CDC may recommend social distancing and postponing or canceling mass gatherings [11] . Additional information on the characteristics of mass gatherings posing the greatest risk for acute respiratory outbreaks could help strengthen this guidance and better inform state and local public health decision makers when preparing for future pandemics.
Findings from a recently conducted systematic literature review suggest that mass gathering-related respiratory disease outbreaks are rare in the United States [12] . However, outbreaks at agricultural fairs (i.e., exposure to infected swine) and at camps where participants had close social contact in communal housing have been reported [12] [13] [14] [15] [16] . Participant density and susceptibility, rather than gathering size alone, could be relevant factors in predicting the occurrence of outbreaks in these settings [2, 3, 5] .
We conducted an assessment among state and local public health officials to obtain additional information on mass gathering-related respiratory disease outbreaks occurring in the United States between January 1, 2009 and December 31, 2014. The assessment's objectives included: 1) describing the frequency and characteristics of mass gathering-related respiratory disease outbreaks reported by state and local health departments and 2) identifying the types of strategies or approaches used for outbreak prevention and control in mass gatherings. We implemented the project in collaboration with the Council of State and Territorial Epidemiologists (CSTE) and the National Association of County and City Health Officials (NACCHO).
Methods

Target population
We developed an online assessment on mass gathering-related respiratory disease outbreaks and the prevention and control strategies implemented at these settings and invited public health officials at 50 state health departments and 31 large local health departments (each serving populations > 250,000) in the country to respond. Given their population size, these jurisdictions were most likely to have mass gatherings (e.g., sporting events, conferences, music festivals, fairs) that met our inclusion criteria as well as the staff necessary to investigate and report on possible outbreaks.
Data collection and analysis
The online assessment consisted of two parts (S1 Supplement). The first part requested information on respiratory disease outbreaks of related to mass gatherings occurring in the United States between January 1, 2009 and December 31, 2014, including the size and etiology of the outbreak, and the characteristics of the mass gathering (purpose, dates, venue type, and size). An outbreak was defined as one or more cases of an infectious respiratory disease associated with a mass gathering (transmission linked to a point source, animal, or another person at the mass gathering). Although a mass gathering was defined as a planned or unplanned congregation of 1,000 or more persons in either an indoor or an outdoor venue for a common purpose, we included all outbreaks reported in response to the assessment regardless of the gathering's size. The second part of the assessment requested information on the use of NPIs, public health messaging, and on-site surveillance by health departments for mass gathering events in general. We also asked for respondent recommendations on improving CDC support for state and local health departments.
Invitation emails with a link to the online assessment were sent to officials at the state health departments in March 2016 and to officials at the local health departments in April 2016. Respondents had 4 weeks to complete the assessment and received two reminder emails during that time. Responses were automatically saved when entered, and respondents could pause the assessment and revise their entries within the 4-week assessment period. We followed up with respondents to verify the reported outbreaks and obtained supplemental event information from publicly available websites. All responses (partially and fully completed) were saved on a CDC server. At the end of the 4-week assessment period, data were downloaded and saved as a SAS 1 (version 9.3) database for analysis.
We combined the assessment data from fully completed and partially completed assessments and deleted any identified duplicate outbreak reports. Descriptive analyses were conducted to estimate: 1) the number of mass gathering-related respiratory disease outbreaks reported from 2009 to 2014, 2) the etiologies of the outbreaks, and 3) the characteristics of the mass gatherings. For this project, we presumed that all mass gathering participants were susceptible to influenza regardless of previous vaccination or infection. We estimated attack rates for viruses involving person-to-person transmission by dividing the number of confirmed and probable cases by the approximate size of the gathering. Respiratory infections involving zoonotic transmission require direct or indirect exposure to the animal host. Since we were unable to approximate the number of fair attendees visiting the swine exhibits, we elected not to estimate the attack rates for reported influenza H3N2v outbreaks. We also described surveillance, intervention, and communication strategies that respondents used for preventing or controlling infectious disease transmission in mass gatherings. We qualitatively grouped respondents' recommendations for improving current CDC support into common themes.
Ethical review and approval
The project protocol and data collection tools were reviewed and approved by CSTE's Infectious Disease Committee and by NACCHO. An advisor from CDC's Human Research Protection Office reviewed and approved the project as non-research. The Office of Management and Budget reviewed and approved the project under the Paperwork Reduction Act of 1995 for information collection requests by federal agencies (OMB #0920-0879). Participation was voluntary. Consent was implied if a respondent voluntarily answered the online assessment. The assessment only gathered information about the outbreak and the mass gathering in aggregate form; personally identifiable information about case-patients was not obtained.
Results
We received 31 (38%) fully completed and 12 (15%) partially completed assessments from the 50 state health departments and 31 local health departments, resulting in 43 (53%) responses received during the project period ( Table 1) . Eight of the 27 state health departments submitting fully completed assessments reported a total of 18 mass gathering-related respiratory disease outbreaks. None of the local health departments reported outbreaks, and no duplicate outbreaks were identified. Information on the use of NPIs and other preventive approaches was obtained from 32 respondents.
Mass gathering outbreaks
Of the 18 reported mass gathering-related outbreaks, 3 occurred in 2009, one in 2010, 2 in 2011, 11 in 2012, and 1 in 2013. All outbreaks involved multi-day gatherings. Most (94%) involved influenza A and occurred at fairs, camps, religious gatherings, a conference-related social gathering, and a sporting event ( Table 2 ). These mass gatherings took place at indoor or indoor-outdoor venues. Outbreaks ranged in size from 5 to 150 reported cases.
Fairs. More than half (n = 11, 61%) of the reported mass gathering-related outbreaks occurred at state or county agricultural fairs in 2012 (Table 3 ). These were large annual events with a duration ranging between 7 and 30 days with an average attendance of 95,200 persons. All fair-related outbreaks were reported from two neighboring states and involved zoonotic transmission of influenza A (H3N2v) following presumed contact with swine or close proximity to swine exhibits. The number of cases reported from these outbreaks ranged from 3 to 138 and occurred across all age groups.
Camps. Three (17%) of the 18 reported mass gathering-related outbreaks occurred at recreational and scouting summer camps. These camps lasted between 7 and 14 days and had between 1,300 and 52,000 participants. Two of these outbreaks occurred at recreational camps in June and July 2009 and involved transmission of influenza A (H1N1)pdm09 with an estimated attack rate of 1.4% and 4.8%, respectively. The third outbreak occurred at a scouting camp in July 2013, involved transmission of influenza A (H3), and had an estimated attack rate of 0.02%.
Religious gatherings. Two (11%) of the reported mass gathering-related outbreaks occurred at religious gatherings. One of these outbreaks occurred in July 2009 at a religious gathering combining recreational and educational activities and involved transmission of influenza A (H1N1)pdm09. During the 8-day gathering, 123 of the 630 participants-all aged between 2 and 17 years-reported symptoms, resulting in an attack rate of 20%. The second outbreak took place at a religious educational gathering in September 2010 and involved For viruses with person-to-person transmission, the attack rate was estimated as the number of reported cases divided by the approximate size of the mass gathering (number of attendees), assuming that all participants were susceptible at the beginning of the gathering. Since we were unable to approximate the number of fair attendees with probable swine contact or who were in close proximity to the swine exhibit, we elected not to estimate attack rates for the fair-related influenza A (H3N2v) outbreaks.
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More than 50% of ill conference attendees participated in social gathering held at a separate venue on the last day of a 3-day professional conference. The estimated attack rate assumes that the 715 conference attendees were equally at-risk of exposure and infection. https://doi.org/10.1371/journal.pone.0186730.t002
transmission of an unspecified respiratory virus. During this multi-day gathering, 5 of the approximately 3,700 participants, all aged between 18 and 64 years, were reported as cases for an attack rate of 0.1%. Other gatherings. In 2011, 2 outbreaks occurred at other types of mass gatherings. The first outbreak was associated with a 3-day social media and internet conference that attracted 715 attendees. Many of the ill attendees participated in a social gathering held at a separate venue on the last day of the conference. In total, 150 conference attendees were reported with either confirmed or probable influenza A (H1N1)pdm09 cases resulting in an attack rate of 21%. The second outbreak occurred at a national 4-day dog agility competition with approximately 3,900 attendees. The outbreak was associated with influenza A (subtype unspecified) transmission resulting in 130 probable cases and an attack rate of 3.3%. The majority of cases (n = 101, 78%) occurred among the 1,100 handlers of dogs competing in the event; the remaining 29 cases occurred in other attendees. Event participants stayed at various lodging facilities including neighborhood hotels and recreational vehicle sites.
Interventions at mass gatherings
Of the 43 state and local health department respondents, 9 (21%) reported using at least one NPI at mass gatherings held during the assessment period regardless of known circulation of influenza or other respiratory infectious disease ( Table 4 ). The most commonly reported NPI was increased availability of hand washing stations and distribution of hand sanitizer, particularly at fairs, to prevent transmission of influenza A (H3N2v). Two health departments implemented social distancing measures (in combination with other NPIs) in mass gatherings in 2009, presumably because of influenza A (H1N1)pdm09. One health department reported pre-emptively canceling a mass gathering in 2009 as a result of local transmission of influenza A (H1N1)pdm09 even though no previous mass gathering-related outbreaks had occurred in the jurisdiction. Additionally, 12 public health departments conducted on-site infectious disease surveillance during mass gatherings-most frequently at sporting and political events.
Eight (19%) respondents indicated using public health messaging at mass gatherings. Messaging occurred most frequently at fairs in 2012 and 2014 to prevent the spread of influenza A (H3N2v) and other respiratory and enteric diseases. Messaging was also implemented at university commencements, religious gatherings, political events and a festival to prevent or mitigate transmission of infectious agents. Health department staff typically used a combination of posters, fact sheets, TV/radio messaging, and educational materials. The use of web links or widgets as social media tools for increasing public awareness was commonly reported. Fourteen respondents provided recommendations for how CDC could help state and local health departments improve pandemic preparedness, communication approaches, and use of NPIs at mass gatherings. Four common themes were identified: 1) additional funding opportunities, 2) improved data sharing between jurisdictions, 3) additional training and technical assistance, and 4) strengthened collaborations with other organizations such as CSTE and NACCHO (Table 5) .
Discussion
Findings from this assessment provided additional information on the occurrence and characteristics of mass gathering-related respiratory disease outbreaks in the United States. The data complement our systematic literature review on the topic [12] . In this assessment, 8 state health departments reported 18 mass gathering-related outbreaks among the thousands of gatherings that took place in the United States during the 6-year assessment period. The majority of reported outbreaks involved influenza A (H3N2v) transmission at county or state fairs as previously described [12] [13] , suggesting that mass gathering-related respiratory disease outbreaks, while uncommon, can still cause substantial morbidity among participants when they do occur.
Our assessment captured information about seven mass gathering-related outbreaks not found elsewhere in the literature including four involving transmission of influenza A (H1N1) pdm09. Two of the four previously unpublished pandemic-related outbreaks occurred at summer camps in 2009. As highlighted in our literature review, camp outbreaks typically involve close contact and social mixing among school-aged children in communal housing and during camp activities [12, [14] [15] . The third previously unpublished mass gathering-related influenza A (H1N1)pdm09 outbreak occurred at a religious gathering in summer 2009 and resulted in 123 reported cases (attack rate of almost 20%). Religious gatherings often bring people together in social settings and involve repeated close contact through greeting and worship practices, as exemplified by an influenza outbreak during the 2008 World Youth Day in Sydney, Australia [16] . Additionally, religious gatherings can involve shared lodging in dormitory-style housing, resulting in mixing patterns consistent with previously described camp-related outbreaks [14] . The CDC's guidance for preventing infections during the 2009 influenza A (H1N1) pandemic included recommendations on school dismissal as part of a comprehensive community mitigation effort for reducing disease transmission [17] . Some mass gatherings such as this multi-day religious gathering may have had influenza attack rates as high as, or higher than, school-associated outbreaks [18] . The fourth influenza A (H1N1)pdm09 outbreak identified in this assessment occurred at a professional conference in winter 2011. Although the 2009 pandemic was declared over in August 2010 [19] , influenza A (H1N1)pdm09 remained the predominant strain circulating in the United States in 2011 [20] . The 21% attack rate from this outbreak was high given the event's short duration, although higher attack rates have been reported at professional conferences, including the 36% clinical attack rate at the Eighth International Congress on Tropical Medicine and Malaria in Tehran, Iran, during the 1968 influenza A (H3N2) pandemic [21] . Because more than half of the reported ill attendees participated in the conference's social gathering, the mixing patterns and transmission dynamics were likely more similar to influenza outbreaks observed at party environments such as music festivals held in Europe during 2009 [22] [23] than typically observed at professional meetings or workshops. No other professional conference-related respiratory disease outbreak was identified from this assessment or from our systematic literature review [12] .
In April 2011, an influenza A (unspecified subtype) outbreak occurred at a sporting event involving persons traveling from multiple locations with an estimated attack rate of 3.3%. Influenza is a frequent cause of respiratory infections among travelers. The infection might have been introduced from elsewhere, highlighting the risk of travel in the spread of infectious diseases [1, 4, 6, [24] [25] . Similar to previously reported respiratory disease outbreaks associated with sporting events, disease transmission in this outbreak primarily occurred among event athletes; spectators and host communities experienced only nominal increases above baseline estimates [5, [24] [25] . Clustering of cases among athletes could reflect frequent contact between infectious and susceptible persons during competition and shared lodging arrangements. It might also reflect differences in disease detection (i.e., more information is available on the health status of event athletes).
In 2013, a reported influenza A (H3) outbreak included 10 case-patients among the approximately 52,000 participants at a large summer camp held indoors. Findings from our systematic literature review suggested that influenza outbreaks in the summer months are rare, except during a pandemic [12, [26] [27] . Influenza A (H3N2) was the predominant strain circulating in the United States during the 2012-2013 season [28] [29] .
Most of the state and local health departments responding to our assessment reported an increased number of hand washing stations and, in some cases, distribution of hand sanitizer, particularly at fairs, to prevent zoonotic transmission of influenza A (H3N2v). These measures can be implemented easily at most mass gatherings and are helpful for minimizing influenza transmission [30] [31] . Only 2 respondents indicated having used a combination of social distancing measures and increased hand hygiene at mass gatherings in 2009 to slow or prevent transmission of influenza A (H1N1)pdm09. Social distancing measures such as seating restrictions or crowd control [3] [4] [5] can be challenging to implement-particularly if the measures have economic implications. Successful implementation will likely rely on well-developed communication plans [32] using a variety of media.
Health departments conducted on-site disease surveillance primarily at sporting and political events where the number of attendees was high and could have posed a considerable burden on the public health system. Consistent with findings from our systematic literature review, none of the outbreaks reported in this assessment involved single-day mass gatherings, although a majority of mass gatherings (e.g., sporting events, music concerts) attracting more than 100,000 participants in the United States are single-day events lasting a few hours [33] . The lack of reporting may reflect limitations of common surveillance approaches to identify these outbreaks (i.e., linking spatially distinct disease reports back to single-day events, decreasing the likelihood of being detected and reported to a local health jurisdiction) [12] . Additionally, while multi-day mass gatherings may facilitate disease transmission, these types of gatherings may be helpful in identifying cases when they occur by monitoring participant attendance. On the other hand, shorter-duration gatherings could have a lower probability of disease transmission [5] , particularly when held outdoors.
Our assessment had several limitations. First, the response rate was lower than expected. This lower rate could suggest competing priorities (e.g., Zika response) for state and local health departments, perceived burden in completing the assessment, not having detected or investigated outbreaks associated with mass gatherings, or declining to participate in the assessment. Therefore, responses are unlikely to be representative of all state and local health departments. The majority of state health department respondents reported only one mass gathering-related outbreak during the 6-year assessment period, while none of the 31 local health departments reported outbreaks. The percentages presented here are limited to the number of reported events and do not reflect percentages among all the mass gathering events that may have taken place during the assessment period. Second, health department staff in jurisdictions experiencing a mass gathering-related respiratory disease outbreak may have been more willing to participate in the assessment than those who did not, resulting in a possible reporting bias. Third, to minimize respondent burden, the assessment allowed for a maximum of 10 outbreaks to be reported and captured specific information for each reported outbreak. Because of that limit, information from two of the 12 outbreaks experienced by one health department was not obtained. Therefore, potentially important information describing the outbreak and the mass gathering setting (i.e., detailed descriptions of the venue, lodging, and associated participant mixing patterns), index cases, and subsequent transmission patterns were missed. Finally, reports for which the viral strain was unidentified were included based on the health department's determination that an outbreak had occurred, even when those outbreaks could have been caused by more than one pathogen. Despite these limitations, our results, combined with those from our systematic literature review, offer important insights into the occurrence and characteristics of mass gathering-related respiratory disease outbreaks in the United States.
Conclusions
This assessment suggests that respiratory disease outbreaks in mass gatherings are rare even during the 2009 influenza A (H1N1) pandemic. Outbreaks appear to occur at multi-day events and often involve shared lodging arrangements or communal settings. The low number of mass gathering-related respiratory disease outbreaks may partially explain the limited reported use of NPIs. Although state and local health departments have prevention and emergency preparedness programs in place, public health officials recommend CDC provide additional evidence-based guidance on the use of all NPIs at mass gatherings [34] , strategies for on-site surveillance, and data sharing between states and other health organizations. Strengthening information sharing about mass gathering-related respiratory disease outbreak investigations can help public health officials identify common characteristics of these outbreaks and-combined with ongoing modeling work done at CDC on the use of NPIs-better predict when and where similar outbreaks might occur in the future. Additional studies describing the occurrence of outbreaks on single-day gatherings are needed.
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